In normal animals motoneurons innervating fasttwitch muscle fibres differ from those innervating slow-twitch fibres by a higher density of large inhibiting C-boutons at the axonal hillock, a larger dendritic tree, a lower input resistance, a shorter afterhyperpolarisation, a higher threshold for activation, a Correspondence to:
Normally about 75% of the fibres in the human musculus tibialis anterior (TA) are type I and 25% type II. TA is used mainly during locomotion; type I fibres are used several times in each step cycle; type II fibres are used only during rapid locomotion or rapid corrective movements and then usually only a few times.' In patients with long-lasting moderately severe lower motoneuron disorders all remaining TA units were found to be used tonically in each step cycle to compensate for the loss of power and there were none or hardly any type II TA fibres, as revealed by enzyme histochemistry.2 In patients with such severe disorders that the remaining TA units were useless for locomotion, however, the differentiation into type I and II muscle fibres remained.
In normal animals motoneurons innervating fasttwitch muscle fibres differ from those innervating slow-twitch fibres by a higher density of large inhibiting C-boutons at the axonal hillock, a larger dendritic tree, a lower input resistance, a shorter afterhyperpolarisation, a higher threshold for activation, a higher firing rate and a higher axonal conduction velocity. The last three parameters have been studied in human experiments and correlations to muscle fibre type have been demonstrated also in humans (for references see review by Edstrom and Grimby 19863) .
In animal experiments overuse evoked by long-term electrical tetanisation caused a transition of type II to type I muscle fibres.4 The myosin ATPase content and the properties ofmyosin light and heavy chains of fasttwitch muscle fibres changed to the pattern typical of slow-twitch fibres.45 During the muscle fibre transition both fast and slow myosin occurred simultaneously.6 In our cases with type I fibre dominance, the enzyme histochemistry did not offer any obvious signs of heterogeneity within the type I fibre group.2 It is, however, not self-evident that the type I fibres in the excessive overusers are homogenous with reference to other myosin properties than ATPase stainability, and thus a further analysis of the type I fibres with immunohistochemical markers for fast and slow myosin isoforms is relevant for the question of fibre transformation.
In the present study the properties of remaining TA motoneurons and muscle fibres in patients almost lacking type II TA fibres were compared with those of normal subjects. Figure 3A shows that the 20. In the sections stained with anti-slow MHC, nearly all fibres showed a staining reaction and only few were unreactive (fig 4C, 5C) . In one case, groups of unreactive fibres were observed. In sections labelled with anti-fast MHC a minority of the fibres showed a staining. The number of reactive fibres were, however, in all biopsy specimens higher than that of the fibres unreactive for anti-slow MHC (table). These were either ofnormal size, large or small. Furthermore, they showed various shades of reactivity (figs 4D, SD).
By comparison of serial sections it was clear that several fibres of normal or large size were reactive for both anti-slow MHC and anti-fast MHC, so called promiscuous fibres (P, table). In sections stained for myofibrillar ATPase these promiscuous fibres were typical type I, II or IM fibres (figs 4, 5).
Discussion
In normal human subjects the type ofmotoneuron can be identified by its minimal firing rate during voluntary contraction and its axonal conduction velocity. In prior polio subjects, the proportion of motor units with high minimal firing rate and high axonal conduction velocities, was not decreased. 20 Experimental denervation studies have implied that only fast myosin is synthesised in muscle fibres following denervation and studies in rat diaphragms has shown that after eight weeks of denervation, all fibres react strongly with anti-fast myosin and many with anti-slow myosin as well.4 Single motor unit experiments have shown that myosin from fast-twitch muscle fibres reinnervated by slow motoneurons convert completely from the fast to their slow isoform.35 It may be argued that the appearance of promiscuous fibres with stainability for both anti-slow MHC and anti-fast MHC may be due to denervation-reinnervation. However, the lack ofatrophy within the group of promiscuous fibres indicates that they were innervated.
A further support for a muscle fibre transformation is the finding of highly atrophic fibres which constituted a mixture of type I and type II. In animal experiments it has been shown that after cessation of artificial stimulation, newly created slow-twitch (type I) fibres seemed to revert to their original characteristics.' Furthermore, Larsson and Ansved3' showed that during detraining in athletes, the number of type II fibres increased and type I fibres decreased. Since the atrophic fibres should be inactivated due to denervation, type I fibres transformed from type II would revert to their original characteristics. If there was an ongoing selective loss of type II fibres due to denervation one would expect the atrophic fibres to be of type II.
In conclusion, we suggest that motoneurons which originally innervated type II fibres, because of excessive overuse later innervate fibres which have achieved type I fibre characteristics.
